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Description 

The present invention relates to a stereoselective process for the preparation of 2-anrdno-ethanol derivatives and 
more particularly, it relates to a stereoselective process tor the preparation of compounds of formula 



V OH R- 

\../a b v 



N R l4 (I) 

I 

I 

R 



•Therein 

R is a phenyl optionally substituted by from 1 to 3 substituents selected among alkyt, C r C 4 alkoxy. 

20 hydroxy, halogen, CF 3 ; 

R 1 and R 2 , the same or different, are a linear or branched C r C 6 alkyl, a C3-C 6 cycloalkyl; or 
R 1 and R 2 , together with the nitrogen atom to which they are bonded, make a 5- or 6- membered heterocycle, which 
can further contain 1 or 2 heteroatoms selected among oxygen, nitrogen and sulfur, optionally substi- 
tuted by 1 or 2 C r C 4 alkyl groups; 
25 aandb mark the asymmetric carbon atoms. 

The compounds of formula I are described in the European Patent Application No 0342613 in the name of the 
same applicant and are useful in the pharmaceutical field as analgesics. 

EP-A-322395 describes certain polyhydroxytated pyrrolidine derivatives endowed with anti-viral activity. Their prep- 
30 aration comprises the stereoselective cyciization of sugar derivatives (e.g. mann'rtol derivatives) wherein the configura- 
tion of the asymmetric carbon atoms is maintained. 

EP-A-338435 describes certain 3,4-dihydroxypyrrolidine-2-one derivatives having nootropic activity. Their prepara- 
tion involves the opening of a lactone ring with a primary amine, the removal of a hydroxy group and a ring closure. The 
configuration of the carbon atoms bearing the hydroxy groups in position 3 and 4 of the final products is determined by 
35 the configuration of the same atoms in the starting lactone and does not change during the synthesis. 

The stereoselective process object of the present invention is reported in the following scheme 1 . 
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Scheme 1 




I 

wherein R, a and b have the above reported meanings and X is a hydroxy or a chlorine or bromine atom. 

The compounds of formula I have at least two stereogenic centers which have been Indicated with a and fe. 

The stereoselective process object of the present invention allows to obtain any stereoisomer of the compounds of 
formula I depending on the configuration of the starting compounds of formula II. 

The compounds of formula II are known [White J.D. et a!., Thetrahedron, 45(21), 6631-44, (1989)] or they are pre- 
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pared according to known methods. 

in fact the starting compounds II can be prepared by reduction reactions, for example as described in the above 
reported paper, or by totalization of the corresponding diol. for example, with acetone. 

By using a suitable benzyl amine of formula RCHgNhfe (VII), wherein R has the above reported meanings, the com- 
5 pound of formula 111 is obtained starting from the compound of formula II with predetermined configuration at the a and 
b centers. 

The introduction of the benzyiamine VII in the compound of formula II does not modify the configuration of the chiral 
carbon in a. 

Consequently, in the compound of formula III, the chiral carbon atom a has the same configuration of the starting 
10 compound II. 

As an example, starting from a compound of formula II in which the carbon atom a has S configuration, a compound 
of formula III, in which the carbon atom a (corresponding to the atom a of the starting compound 10 has S configuration 
is obtained. 

Clearly, the configuration of the chiral carbon atom b remains unchanged. 
75 By cyclization, the compound of formula III is transformed into the compound of formula IV. 

The cyclization is carried out by transforming first the hydroxy group in a into a leaving group and then by ring clo- 
sure of the resulting derivative. 

For example, by using methanesulphonyl chloride in a suitable solvent or mixture of solvents (e.g. methylene chlo- 
ride, chloroform, pyridine) in the presence of a suitable base (e.g. triethyiamine, sodium hydroxide) at a temperature 
20 comprised between -20°C and +80°C, the hydroxy group is transformed into the mesyl group. This mesyl derivative can 
be optionally isolated but preferably it undergoes directly the cyclization. 

The cyclization reaction is carried out in dipolar aprotic solvents e.g. dimethylformamide. dimethoxyethane or 
dimethytsulfoxide in the presence of sodium hydroxide or sodium hydride. 

By the cyclization reaction the configuration of the carbon atom a is inverted while the configuration of the carbon 
25 atom k remains the same. 

It is clear to the man skilled in the art that an inversion as well as a retention in the configuration of a carbon atom 
does not necessarily correspond to an inversion or to a retention in the R or S nomenclature respectively. In fact the R 
or S configuration of a carbon atom depends on the priority order of the different substituerrts according to a sequence 
rule procedure (see IUPAC - Nomenclature of organic chemistry - 1979 Edition - Pergamon Press, pages 486-90). 
30 The hydrolysis of the compound of formula IV with hydrobromic or hydrochloric acid and acetic acid, in a suitable 
solvent or mixture of solvents (e.g. methanol, ethanol, isopropanol). gives the halohydrin of formula V (in which X=Br, 
CI), which has the same configuration in a and of the starting compound IV. 

The compound of formula V is then transformed into the corresponding epoxide VI by treatment for example with 
sodium hydride in dimethyrforrnamide. 
35 The reaction between the epoxide of formula VI and an amine of formula NHR 1 R2 (VIII) (in which R 1 and R2 have 
the above reported meanings) in a molar ratio 1 :1 (or with a slight excess of the amine) gives the compounds of formula 
I. 

The reaction is carried out in a suitable solvent or mixture of solvents such as, for example, t butyl, alcohol, metha- 
nol, ethanol. 

40 Alternatively, the compound of formula V is directly treated with a large excess of amine VIII (at least a molar 
amount double with respect to that of compound V) in order to obtain the compounds of formula I. The reaction is car- 
ried out in a suitable solvent such as alcohols and dimethyrforrnamide or mixtures thereof. 

The compounds of formula VI and I do not modify the configuration of the stereogenic centers a and b which con- 
sequently have the same configuration of the starting compound of formula V (X«=Br,CI). 
45 Alternatively the hydrolysis reaction of the compound of formula IV may be carried out with acids in a suitable sol- 
vent or mixture of solvents in order to obtain the compounds of formula V in which X=OH. 

The thus obtained diol is transformed into the compounds of formula I as already described in the above cited Euro- 
pean Patent Application No. 0342613. 

Also in this case the carbon atom a and b retain their configuration during the transformation reactions of corn- 
so pound IV to compound V (X=OH) and to compound of formula I. 

The compounds of formula III and IV are new. The compounds of formula III are a further object of the present 
invention. Their particular structure allows to realize the above described stereoselective process. 

The availability of the four stereoisomers of compound II allows to prepare the compounds of formula I with any 
possible configuration at carbon atoms a and fe. 
ss For example, starting from the compound of formula II with R configuration in a and S configuration in b, the com- 
pounds of formula I in which a and k are contemporaneously S are obtained. 

On the contrary, starting from the compound of formula II with S conf iguration in a and R configuration in b, the com- 
pounds of formula I in which a and b are contemporaneously R are obtained. 

Otherwise, starting from the compound of formula II in which both a and b are in R configuration, the compounds 
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of formula I in which a has S configuration and has R configuration are obtained and starting from the compound of 
formula II in which both a and b are in S configuration, the compounds of formula I in which a has R configuration and 
b has S configuration are obtained. 

It is worth underlining that in the process object of the present invention only the configuration of the carbon atom 
a is inverted. Furthermore it is dear to the man skilled in the art that a suitable ketone for the protection of the hydroxy 
groups in the compound of formula II can be of different nature from acetone. 

In fact, it is within the scope of the present invention the use of other symmetrica] ketones, such as for example 
cyclohexanone and diethylketone, as totalization agents. 

The process object of the present invention comprises highly stereospecif ic reactions which give intermediates and 
products with high purity and high chemical yield. Moreover, the versatility of the process object of the present invention, 
allows to prepare compounds of formula I in any predetermined configuration and enantiomerically pure. 

With the aim at better illustrating the present invention the following examples are now given. 

Example 1 

g-faifr2,3<Jideoxy-5.6<H^ (Compound No. 1) 

A solution of 3<Jeoxy-5,6<)-isopropyIklene-2-0-mesyl-L-xylc>-haxono-1 ,4-lactone (1:18 g; 4.21 mmol) and sodium 
iodide (0.95 g; 6.31 mmol) in acetone (1 0 ml) was refluxed for 90 minutes. 

The reaction mixture was cooled, diluted with water (50 ml) and extracted with ethyl acetate (2 x 20 ml). The organic 
phase was washed with an aqueous solution of sodium metabisuff ite (10 ml) , water (1 0 ml), dried on sodium sulfate and 
evaporated. 

Compound No. 1 (1.2 g) was obtained as a yellow solid, 
rap. 101-103°C 
lap 0 -15.4° (c=1.8% - CHCI3) 

1 H-NMR (200 MHz, DMSO-ds): 5 (ppm): 4.81-4.76 (m, 1H); 4.61-4.52 (m, 1H); 4.25-4.17 (m, 1H); 4.05-3.75 (m, 
2H); 2.59-2.30 (m, 2H); 1 .30 (s, 3H); 1 .27 (s, 3H). 

By working in a similar way the following compound was prepared: 

2-jodp-2,3-d0eoxY-g l frO-ispp^ (Compound No. 2) 

starting from 3-deoxy-5,6-0-isopropylidene-2-0-mesyl-D-xylo-hexono-1 ,4-lactone 

90% yield 
m.p. 102-1 03°C 

M^V+IS^ (c=1.8% - CHCI3) 

1 H-NMR analogous to that described for compound No. 1 . 

Example 2 

f4S.5SM.5.6-trihvdroxv-5.6^>isoDTODvlidene-hBxanoic actd-1.4-)actone (Compound No. 3) 

A solution of compound No. 1 (21 .60 g; 69.2 mmol) and triethylamine (14.04 g; 138.7 mmol) in ethyl acetate (267 
ml) was hydrogenated at 4 atm in a Parr hydrogenator in the presence of palladium on charcoal at 1 0% (2.67 g) for 48 
hours. 

The catalyst was removed by filtration and the organic solution was washed with a saturated aqueous sodium chlo- 
ride solution (3 x 50 ml). 

The organic phase was dried on sodium sulfate and evaporated at reduced pressure. 

Compound No. 3 (1 1 .8 g) was obtained as a brown oil. 

1 H-NMR (200 MHz, DMSOds): 8 (ppm): 4.55-4.46 (m, 1H, OCOCH); 4.20-4.11 (m, 1H, OCOCH-CfcD; v A =4.01 - 
v B =3.70 (AB portion of an ABX system; Jab=8.2 Hz, Jax=6 9 Hz, J B x=6 4 Hz, OCH-ChfeO); 2.50-2.41 (m, 2H, 
OCOCtfe); 2.31-1.83 (m, 2H, OCXX^fe-Ctfe); 1.28 (s, 3H, CH3); 1.26 (s, 3H, -CH3). 

By working in a similar way the following compound was prepared: 
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'4R.5RM.5.6-trihvdroxy-5.6-Q-isopr^^ actd-1 .4-lactone (Compound No. 4) 

starting from compound No. 2 
91% yield -dark oH 

1 H-NMR analogous to that descrtoed for compound No. 3. 
Example 3 

( ^5SM.5.6-trirMjroxv-5.6^^ actd-1 .4-lactone (Compound No. 3) 

A solution of 2,3-dideoxy-5,6-Oisopropylidene-L-threo-2-haxenono-1 , 4-lactone (1 .50 g; 8.1 mmof) in ethyl acetate 
(30 ml) was hydrogenated at room pressure in the presence of palladium on charcoal at 10% (0.1 g) until theoretical 
absorption. The catalyst was removed by filtration and the solution was evaporated at reduced pressure. 

Compound No. 3 (1 .45 g) was obtained as a colorless oil. 
1 H-NM R analogous to that described in example 2. 

By working in a similar way the following compound was prepared : 

f4S.5RM.5.6-trihvdrcKV'5.S- 0-isoDTODvlidene-hexanoic acid-1 .4-lactone (Compound No. 5) 

starting from 2,3-dideoxy-5,6-isopropyIidene-D-erythro-2-hexenono-1 , 4-lactone 

94% yield - colorless oil which solidifies at 4°C 
[a] 20 ^-^ 0 (c*5% - CHCy 

1 H-NMR (200 MHz, DMSO): 8 (ppm): 4.55-4.46 (m, 1H); 4.27-4.18 (m, 1H); 4.07-3.65 (m, 2H); 2.52-2.44 (m, 2H); 
2.31-1.90 (m, 2H); 2.42 (s, 3H); 1.27 (s, 3H). 

Example 4 

2.3-dideaxv-L-erythro-hexono-1 .4-lactone (Compound No. 6) 

Potassium hydroxide (titer 85%; 52.81 g; 800 mmol) was added to a solution of 6-bromo-2,3,6-trideoxy-D-erythro- 
hexono-1 ,4-lactone (45.4 g; 217.2 mmol) [I. Lundt et a!., Synthesis, 1052-1054, (1986)] in water (791 ml) under stirring 
at room temperature. 

The solution was stirred overnight at room temperature then it was acidified with an aqueous hydrochloric acid solu- 
tion at 36% (1 21 ml) and the solvent was evaporated. 

The solid residue was collected with aceton'rtrile (250 ml) and the inorganic solid residue was filtered. 
The organic solution was evaporated at reduced pressure. 

Compound No. 6 (31 .5 g) was obtained as a brown oil. 
[a] 20 D =-4.4° (c=2% - methanol) 

1 H-NMR (200 MHz, DMSO): 8 (ppm): 5.1 1 (d. 1H, J HH =5-3 Hz); 4.70 (t, 1 H, J H h=5-7 Hz); 4.57-4.48 (m, 1H); 3.71- 
3.60 (m, 1H); 3.42-3.25 (m, 2H); 2.47-2.02 (m, 2H). 

Examples 

(4R.5S)-4.5.6-trihvdroxy-5.6-Q-isoDroDv1idene-hexanoic arid-1 .4-lactone (Compound No. 7) 

Isopropenyl-methyl-ether (18.8 g; 260 mmol) was added dropwise to a solution of compound No. 6 (29.23 g; 200 
mmol) and p.toluenesulfonic acid monohydrate (0.321 g) in dimethytformamide (200 ml) under stirring at 4°C. 

At the end of the addition, the solution was stirred at room temperature for 1 8 hours then sodium carbonate dec- 
ahydrate (20 g) was added. 

The solution was left under stirring for 30 minutes. 

The solid was filtered and the solution was evaporated at reduced pressure at 50°C. The residue was collected with 
ethyl acetate (300 ml) and washed with water (3x50 ml). 

The organic phase was dried with sodium sulfate and evaporated. 
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Compound No. 7 (32 g) was obtained as a colorless oil which solidifies at 5°C. 

[a] 20 D=-5.3° (c=5% - chloroform) 

1 H-NMR analogous to that described for compound Na 5. 

5 Example 6 

6^omo-2.3.6-trideayv-L-ervthro-hexono-1 .4-lactone (Compound Na 8) 

A solution of compound Na 6 (1 .03 g; 7.05 mmol) in hydrobromic add at 37% in acetic acid (10 ml) was stirred at 
10 room temperature for 3 hours. 

Methanol (16 ml) was added and the stirring was continued for 20 hours. 

The solvent was evaporated and the residue was collected with water (10 ml) and evaporated to dryness. 
The residue was collected with chloroforfn (15 m!) and treated with sodium bicarbonate (1 .0 g) under stirring. 
The solid was filtered and the solution was evaporated to dryness at reduced pressure. 

15 

Compound Na 6 (1 .27 g) was obtained as a white solid. 
m.p. 76-77°C 

[aJ 20 D =-20.1 ° (6=5% - chloroform) 

1 H-NHR (200 MHz, DMSOds): 8 (ppm): 5.76 (broad d, 1H, J H h=6Hz, OH); 4.53-4.43 (m, 1H, COOCH); 3.84-3.74 
20 (m, 1 H, CHOH); 3.58-3.37 (m, 2H, CH 2 -Br); 2.51 -2.42 (m, 2H, OCOCHj>); 2.25-1 .98 (m. 2H, OCOCHg-CHg). 

An 1 H-NMR test carried out in the presence of a chiral shift-reagent [10 mg of compound No. 8 in deuterochloro- 
form (0.6 mO in the presence of Europhium (hfc)3] confirmed the absence of the 6-bromo-2,3,6-trideoxy-D-erythro-hex- 
ono-1 , 4-lactone enantiomer). 

25 

Example 7 

2.3-dideoxy-D-erythro-hexono-1 .4-lactone (Compound No. 9) 
30 It was prepared as described in example 4 starting from compound Na 8. 
98% yield -oil 

la^o^H.Z 0 (c=2% - methanol) 

1 H-NMR analogous to that described for compound Na 6. 

35 

Example 8 

f4S.5RM.5.6-trihvdraxv-5.6-Q-isoDroDvlidene-hexanoic acid-1.4 -lactone (Compound No. 5) 

40 ft was prepared as described in example 5 starting from compound No. 9. 

82% yield - colorless oil which solidifies at 5°C. 

[a] 20 D =+5.4° (c=5% ■ chloroform) 

1 H-NMR analogous to that described in example 3. 

45 

Example 9 

(4S.5SVN-f2-chlorobenzvfV5.60-isre (Compound No. 10) 

so A mixture of compound Na 3 (5.03 g; 27 mmol) and 2-cHorobenzylarnine (4.21 g; 30 mmoQ was heated at 105°C 
for 6 hours. 

The residue was dissolved in acetone and chromatography cally purified on sQica column (400 g; eluent hex- 
aneacetone=7:3). 

55 Compound Na 1 0 (8.85 g) was obtained as a white solid. 
m.p. 65-67°C 

1 H-NMR (200 MHz, DMSO-dg): 8 (ppm): 8.40^8.32 (m, 1H); 7.59-7.25 (m, 4H); 4.31 (d, 2H, J HH =6 Hz); 3.92^3.87 
(m. 2H); 3.68-3.22 (m, 2H); 2.40-2.15 (m. 2H); 1.80-1.40 (m, 2H); 1.31 (s, 3H); 1.28 (s. 3H). 
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By working in a similar way the following compound was prepared: 

(4R.5RyN-fcK* lorobenzvn^ (Compound No. 1 1) 

starting from compound No. 4 

97% yield -white solid 
rap. 65-66°C 

1 H-NMR analogous to that described for compound No. 10. 
Example 10 

(4R.5SVN-(2K:hlorobenzvn-5£ No. 12) 

A mixture of compound No. 7 (32.0 g; 172 mmol) and 2-chlorobenzylamine (25.06 g; 177 mmol) was healed at 
105°C for 24 hours. The mixture was cooled and the solid residue was crystallized from methylisopropylether (850 ml). 

Compound No. 1 2 (50.0 g) was obtained as a white solid, 
rap. 75-76°C 

[a] 20 D =-10.3° (c=5% - chloroform) 

1 H-NMR (200 MHz, DMSO): 5 (ppm): 8.35 (t, 1H, J H h=5.5 Hz); 7.46-7.21 (m, 4H); 4.90 (broad signal, 1H); 4.31 (d, 
2H,Jhh=6 Hz); 4.00-3.90 (m, 1 H); 3.82-3.71 (m, 2H); 3.37-3.28 (m, 1H); 2.42-2.16 (m,2H); 1.94-1.36 (m, 2H); 1.29 
(s, 3H);1.24(s, 3H). 

By working in a similar way the following compound was prepared: 

(4S.5RVN-(2^lorobenzvn-5.6 -Q-i^ (Compound No. 13) 

starting from compound No. 5 

85% yield - white solid 
rap. 75-76°C 

[a] 20 D =+10.1° (c=5% - chloroform) 

1 H-NMR analogous to that described for compound No. 12. 

Example 11 

(4R.5SVN^enzvl-5.6<)-isopropvlidene-4.5.6-trihydroxvhexanamide (Compound No. 14) 

A mixture of compound No. 7 (16.0 g; 86 mmol) and benzylamine (10.7 g; 100 mmol) was heated at 105°C for 6 
hours. 

The residue was crystallized from ethylacetate (1 00 ml). 

Compound No. 1 4 (22.4 g) was obtained as a white solid, 
rap. 78-79°C 

[aprjF-l 4.8 P (c=3% - chloroform) 

1 H-NMR (200 MHz, DMSOds): 8 {ppm): 8.3 (t 1H, J HH =6 Hz); 6.35-7.17 (m, 5H); 4.90 (d, 1H, J H h=5.9 Hz, OH); 
4.25 (d, 2H, J HH =6 Hz); 4.02-3.70 (m, 3H); 3.37-3.25 (m, 1H); 3.39-2.12 (m, 2H); 1.93-1.76 (m, 1H); 1.60-1.34 (m f 
1H);1.30 (s, 3H);1.24(s, 3H). 

By working in a similar way the following compound was prepared: 

(4R.5S)-N-(2-methaxYbenzyO-5.6-ra (Compound No. 15) 

starting from compound No. 7 and 2-methoxy-benzylamine 

81% yield - white solid 

rap. 79-81 °C (isopropanol-isopropylether) 

[al^V-IS.S 0 (c=5% - chloroform) 
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1 H-NMR (200 MHz, DMSO): 6 (ppm): 8.13 (t 1H, J HH =S 8 Hz, NH); 7.26-6.84 (m, 4H, Ar); 4.91 (d, 1H, J m <=S.B Hz, 
OH); 4.20 (d. 2H, J H h=5-8 Hz, Cfcfe-NH); 3.98-3.70 (m, OCH-CH26); 3.80 (s. 3H, Ar-OCHjj); 3.37-3.25 (m, 1H, Cfcl- 
OH); 2.40-2.13 (m. 2H, CHgCO); 1.92-1.33 (m. 2H, COCHa-CtfcCH); 1.28 (s. 3H. CH3O); 1.26 (s. 3H, CH3O). 

Example 12 

1 -f RH1 -(2-chlorobenzvn-2-oxo-S-( R)-ovrrolidi nvn-1 .2-isoproovfidene-ethanediol (Compound No. 1 6) 

A solution of methanesulfonyl chloride (0.248 g; 2.2 mmol) in methylene chloride (2 ml) was added dropwise to a 
solution of compound No. 10 (0.503 g; 1.5 mmol) and triethylamine (0.240 g; 2.3 mmol) in methylene chloride (10 m!) 
under stirring at -10°C. 

After an hour the solvent was removed at reduced pressure and dimethylsuKoxkJe (6 mi) and potassium hydroxide 
(0.705 g; 12.6 mmol) were added. 

The solution was stirred at room temperature for two hours then it was diluted with water (30 ml) and extracted with 
ethyl ether (3 x 20 ml). 

The organic phase was washed with water (30 ml), dried and evaporated at reduced pressure. 
Compound No. 1 6 (0.40 g) was obtained as a thick oil. 

1 H-NMR (200 MHz, DMSOds): 6 (ppm): 7.50-7.20 (m, 4H); 4.78-4.27 (m, 2H); 4.40-4.30 (m, 1H); 3.98-3.48 (m, 
2H); 3.68-3.60 (m, 1H); 2.41-1.80 (m, 4H); 1.35 (s. 3H); 151 (s. 3H). 

Example 13 

1 -ftfl-M -f2-chlorobenzvn-2-Qxo -5-f R^-pvrroridinvn-1 .2-ethanediol (Compound No. 17) 

A solution of compound No 16 (0.7 g; 2.26 mmd) in a 6N solution of hydrochloric acid in isopropanol (7 ml) was 
stirred at room temperature for two hours. 

The solvent was evaporated at reduced pressure and the residue was crystallized from ethyl acetate (5 ml). 

Compound No 17 (0.6 g) was obtained as a white solid. 

m.p112-114°C 

[a] 20 D =56.0° (c=2% - ethanol) 

1 H-NMR (200 MHz, CDCI3): 8 (ppm): 7.34-7.13 (m, 4H); 5.04-4.25 (m, 2H); 4.10-4.00 (m, 2H); 3.56-3.40 (m, 3H); 
2.62-1.80 (m,5H). 

Example 14 

1 -(SH 1 -(2-chIorobenzvn-2-oxo-5-fS)-pvrrolidinvn-1 .2HSOPropvfidene-ethanediol (Compound No 18) 

A solution of methanesulfonyl chloride (0.259 g; 2.3 mmol) in methylene chloride (2 ml) was added dropwise under 
stirring at -10°C to a solution of compound No. 1 1 (0.525 g; 1 .6 mmol) and triethylamine (0.243 g; 2.4 mmol) in methyl- 
ene chloride (10 ml). 

After an hour the organic solution was washed with water (1 5 ml) and with an aqueous sodium bicarbonate solution 
at 5% (10 ml), dried on sodium sulfate and evaporated at reduced pressure. 

The residue (0.71 g) was collected with dimethyiform amide (10 ml), cooled at 0°C and treated under stirring with 
sodium hydride 80% in oil (0.077 g; 2.6 mmol). 

After 2 hours, the mixture was poured into water (50 ml) and extracted with ether (2x10 ml). The organic phase 
was washed with water (10 ml), dried on sodium sulfate and evaporated at reduced pressura 

Compound No. 1 8 (0.48 g) was obtained as a thick oil. 
1 H-NM R analogous to that d escribed for compound Na 1 6. 

Example 15 

1-(SH1-f2-<*lorobenzvn-2^^ (Compound No 1 9) 

It was prepared as described in example 13 starting from compound No. 1 8. 
91% yield -white solid 
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m.p. 112-1 13°C 
[a] 20 D =+56.4° (c=2% - ethanol) 

1 H-NMR analogous to that described for compound No. 1 7. 
5 Example 16 

(4R.SSVN^2^1orob6nzvn^ (Compound No. 

20) 

10 A solution of methanesuKonyl chloride (36.4 g; 31 8 mmol) in methylene chloride (80 ml) was added dropwise under 
stirring at -10°C to a solution of compound No. 12 (73.9 g; 225 mmol) and triethytamine (41 .5 g; 410 mmol) in methylene 
chloride (740 ml). 

After an hour the organic solution was washed with water (300 ml) and with an aqueous sodium bicarbonate solu- 
tion at 5% (200 ml). 
is It was dried on sodium sulfate at reduced pressure. 

Compound No. 20 (91 g) was obtained.as a light yeiiow oii which was used for ihe subsequent step without further 
purification. 

1 H-NMR (200 MHz, CDCI3): 8 (ppm): 7.41-7.28 (m, 4H); 6.11 (m, 1H); 4.81-4.32 (m, 1H); 4.60-4.40 (m, 2H); 4.24- 
20 4.13 (m, 1H); 4.08-3.80 (m. 2H); 3.05 (s, 3H); 2.45-2.37 (m, 2H); 2.20-1.74 (m, 2H); 1.40 (s. 3H); 1.31 (s. 3H). 

Example 17 

1 -f RH 1 -(2-chlorobenzvn-2-oxo-5-(S^-oynrolidinvn-1 .2-isopropylidene-ethanediol (Compound Na 21) 

25 

A solution of compound No. 20 (91 g; 225 mmol) in dimethoxyethane (300 ml) was added dropwise to a suspension 
of powdered NaOH (45.1 g; 1.13 mmol) in dimethoxyethane (462 ml) under stirring at room temperature. 

The suspension was stirred at room temperature for 18 hours, the solid was filtered and the organic solution was 
evaporated at reduced pressure. 
30 The residue was collected with ethyl ether (400 ml), washed with water (2 x 100 ml), dried on sodium sulfate and 
evaporated at reduced pressure. 

Compound No. 21 (65.1 g) was obtained as a yellow oil. 

1 H-NMR (200 MHz, DMSO-dg): 8 (ppm): 7.48-7.12 (m t 4H); 4.80-4,50 (m, 2H); 4.12-3.92 (m, 2H); 3.60-3.43 (m, 
35 2H); 2.41-2.00 (m, 3H); 1.68-1.50 (m, 1H); 1.18 (s, 3H); 1.13 (s, 3H). 

Example 18 

1 -(R)-f 1 -(2-chlorobenzyn-2-oxo-5-(S)-Dyrrolidinvn-1 .2-ethanediol (Compound No. 22) 

40 

It was prepared as described in example 13 starting from compound No. 21 . 

92% yield -white solid 
m.p. 115-1 16°C 
45 [a] 2D 0 =^53.Z > (c=1% - ethanol) 

1 H-NMR (200 MHz, DMSOds): 8 (ppm): 7.46-7.15 (m, 4H); 4.92 (d, 1H, Jhh=4-8 Hz); 4.41-4.82 (m, 2H); 4.60 (t. 
1H, J H h=5-3 Hz); 3.64-3.50 (m, 2H); 3.38-3.33 (m, 2H); 2.43-2.81 (m, 4H). 

Example 19 

so 

1-fSH1-(2-(^lorobenzvn-2-oxo-5-fR>-Dmdicfinv n-1.2-em^^ (Compound Na 23) 

It was prepared as descrfoed in examples 16, 1 7, 18 for the relative enantiomer starting from compound No. 13. 

55 80% yield - white solid 

[a] 20 D =-53.0° (c=1% - ethanol) . 

1 H-NMR analogous to that described for compound Na 22. 
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Example 20 

1 -(RH1-(2^lorobenzvn-2K»o^ (Compound No. 24) 

A suspension of compound No. 21 (65.1 g; 210 mmol) in hydrobromic acid at 37% in acetic acid (318 ml) was 
stirred at room temperature for 18 hours. 

Then methanol (637 ml) was added and the stirring was continued for 24 hours. 
The reaction mixture was evaporated at reduced pressure 

The residue was dissolved in ethyl ether (400 ml), washed with water (2 x 150 ml), dried on sodium sulfate and 
evaporated at reduced pressure. 

Compound No. 24 (64.3 g) was obtained as a light yellow on which was used in the subsequent step without further 
purification. 

1 H-NMR (200 MHz, DMSO-dg): 8 (ppm): 7.48-7.18 (m, 4H); 4.80-4.41 (m, 2H); 3.82-3.52 (m, 1H); 3.61-3.47 (m, 
3H); 2.48-1.80 (m, 4H). 

Example 21 

1 -fSV1 -f2^hloroben2^-S42-m ^xvranvn-2H3vrroiidinone (Compound No. 25) 

Sodium hydride 80% in oil (7.4 g; 247 mmol) was added portionwise to a solution of compound Na 24 (68.4 g; 206 
mmol) in dimethyHbrmamide (320 ml) under stirring at 0°C. 

The solution was stirred at room temperature for 3 hours, poured into water at 4°C (1600 ml) and extracted with 
ethyl ether (3 x 350 ml). 

The organic phase was washed with water (300 ml), dried with sodium sulfate and evaporated at reduced pressure. 
The solid residue was crystallized from isopropyl ether (1000 ml). 

Compound No. 25 (42.3 g) was obtained as a white solid. 
m.p. 75-76°C 

[a) 20 D =+80.2° (c=1 .7% - ethanol) 

1 H-NMR (200 MHz, CDCI3): 8 (ppm): 7.37-7.1 1 (m, 4H); 5.00-4.47 (m, 2H); 3.18-3.08 (m, 1 H); 2.92-2.85 (m, 1 H); 
2.72-2.36 (m, 4H); 2.27-1.51 (m, 2H). 

Example 22 

1 -fSH1 -fc-chlorobenzvn-2-oxo-5-(Sl^^ (Compound Na 26) 

A solution of compound Na 25 (1 5.4 g; 61 mmol) and (R,R)-di-sec.butylamine (8.1 g; 63 mmol) in n-butanol (50 ml) 
was refluxed for 140 hours. 

Then the solvent was evaporated at reduced pressure. 

The residue was collected with ethyl ether (200 ml) and extracted with hydrochloric acid 5% (200 ml). 
The aqueous phase was decolorated with charcoal, basified at pH 1 0 with potassium carbonate and extracted with 
ethyl ether (200 ml). 

The ethereal phase was dried on sodium sulfate, evaporated at reduced pressure and the residue was crystallized 
from hexane (50 ml). 

Compound Na 26 (1 7.1 g) was obtained as a white solid, 
m.p. 72-73°C 

[a] 20 D =-64.6° (c=1% - methanol) 

1 H-NMR (200 MHz, CDQ3): 8 (ppm): 7.36-7.12 (m, 4H, Ar); v A =4.92 - Vb =4.63 (AB system, Jab=15.6 Hz); 4.00 
(broad signal, 1H, OH); 3.66-3.54 (m, 2H, CH-CH); 2.60-1.80 (m, 8H, NCO-CHg-CKfe and CHg-N-CHg); 1.45-1.12 
(m, 4H, 2Cb2-CH3); 1.80 (d, 6H, J H h=6-4 Hz, 2CU3-CH); 0.84 (t 6H, J HH =7.1 Hz, 2CH3-CH2). 

Example 23 

1-(SWW2-chloro benz^ (Compound No. 27) 

A solution of compound Na 24 (3.3 g; 10 mmol) and dimethylamine (0.99 g; 22 mmol) in ethanol (1 5 ml) was stirred 
at room temperature for 24 hours. 



11 



EP 0 449 011 B1 

The solvent was evaporated at reduced pressure. The residue was collected with water (30 ml), basified at pH 10 
with sodium carbonate and extracted with ethyl acetate (30 ml). 

The organic phase was washed with water (1 5 ml), dried on sodium sulfate and evaporated under vacuum to give 
a residue which was crystallized from isapropyl ether (1 2 ml). 

Compound No. 27 (2.61 g) was obtained as a white solid. 
m.p 74-75'C 

[a] 20 ^ .9° (c=1% - methanol) 

1 H-NMR (200 MHz, CDCI3): 8 (ppm): 7.35-7.11 (m, 4H, Ar); v A =4.93 - ^=4.60 (AB system, J AB = 15 - 7 Hz); 3.77 
(broad signal. 1 H, OH); 3.74-3.64 (m, 1 H, CtJOH); 3.58-3.50 (m, 1 H, CHN); 2.55-2.28 (m, 2H, CH 2 CO); 2.25-1 .74 
(m, 4H. CtfcN and -COCHrCtfc): 2.16 (s, 6H. (CHa^N). 

By working in a similar way the following compound was prepared: 

1 -(SU1 ^2^lorobenzvn-2-oxo-5- ^-pvTOlidinvn^ -riperidvlVethanol (Compound No. 28) 

starting from compound No. 24 and piperidine , . 

86% yield -thick oil 
[a] 20 D «-7.3° (c=1% - methanol) 

1 H-NMR (200 MHz, DMSOd 6 ): 8 (ppm): 7.33-7.10 (m, 4H); 5.00-4.56 (m, 2H); 3.76-3.66 (m, 1H); 3.57-3.47 (m, 
1H); 2.55-2.36 (m. 4H); 2.26-1.71 (m, 6H); 1.57-1.32 (m, 6H). 

Example 24 

1-mui-benzvl-2^xo-5-(Sypyr^ (Compound No. 29) 

It was prepared as described in example 1 2 starting from compound No. 1 4. 
67% yield - light yellow oil 

1 H-NMR (200 MHz, DMSOdg): 8 (ppm): 7.38-7.20 (m, 5H); 4.85-4.25 (m, 2H); 4.17-3.40 (m, 4H); 2.45-1.44 (m. 
4H);1.25(s. 3H);1.23(s. 3H). 

Example 25 

1-fRU1-benzvl- 2-oxo-5-fSVDyrrolidinvn-ethanediol (Compound Na 30) 

It was prepared as described in example 13 starting from compound No. 29. 

84% yield - white solid 
m.p. 69-71 °C (ethyl acetate) 
[a] 20 D =+100° (c=2% - ethanol) 

1 H-NMR (200 MHz, DMSO-ds): 8 (ppm): 7.36-7.16 (m, 5H); 4.91 (d, 1H, Jhh=5-1 Hz); 4.90-4.15 (m, 2H); 4.47 (t, 
1H, Hz); 3.65-3.55 (m, 1H); 3.51-3.42 (m, 1H); 3.38-3.32 (m, 2H); a44-2.09 (m, 2H); 2.02-1.75 (m, 2H). 

Example 26 

1-(RH1-benzvl-2 Hrao-5^SVi^^ (Compound No. 31) 

It was prepared as described in example 20 starting from compound No. 29. 
90% yield - light yellow oil 

1 H-NMR (200 MHz, DMSO-d$): 8 (ppm): 7.40-7.18 (m, 5H); 4.81-4.22 (m, 2H); 3.86-3.76 (m, 1H); 3.57-3.40 (m, 
3H); 2.43-1.73 (m, 4H). 
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Example 27 

rsSV1-benzvl-M 2-m>-Qxvrai^^ (Compound No. 32) 

It was prepared as described in example 21 starting from compound No. 31. 

87% yield -white solid 
W 20 D t= + 12l - 7 ° (c=2% - ethanol) 

1 H-NMR (200 MHz, CDCy: 8 (ppm): 7.37-7.18 (m, 5H); 5.00-4.23 (m, 2H); 3.10-3.00 (m, 1H); 2.91-2.84 (m, 1H); 
2.76-2.71 (m f 1H); 2.61-2.31 (m, 3H); 2.19-1.74 (m, 2H). 

Example 28 

1 -(S)-f1 4>enzyl-2^o-5^SVpyrrolidinvn-2-di^R.R>-sec .butvlaminoethanol (Compound No. 33) 

It was prepared as described in example 22 starting from compound No. 32. 

70% yield - white solid 
m.p. 54-55°C (hexane) 
[a] 20 ^™ 0 (c=2% - ethanol) 

1 H-NMR (200 MHz, CDQ3): 8 (ppm): 7.34-7.16 (m, 5H); 4.86-4.46 (m, 2H); 4.07 (broad signal, 1H, OH); 3.62-3.48 
(m, 2H); 2.53-2.25 (m, 5H); 2.16-1.70 (m, 3H); 1.46-1.12 (m, 4H); 0.87 (d, 6H, J HH =6.5 Hz); 0.84 (t. 6H, Jhh=7.1 



Example 29 

(4R.5S)-N-f2-metho)M)enzvn-4-methanes^ Na 
34) 

It was prepared as described in example 16 starting from compound No. 1 5. 
98% yield - colorless oil 

1 H-NMR (200 MHz, DMSOde): 8 (ppm): 8.20 (m, 1H); 7.28-6.84 (m, 4H); 4.72-4.65 (m, 1H); 4.31-4.18 (m, 3H); 
4.08-3.71 (m, 2H); 3.79 (s, 3H); 3.20 (s, 3H); 2.36-2.27 (m, 2H); 2.02-1.70 (m, 2H); 1.34 (s, 3H); 1.26 (s, 3H). 

Example 30 

1-(RH1-(2-methoxvbenzv1V2-ox o-S^ (Compound No. 35) 

It was prepared as described in example 17 starting from compound No. 34. 
83% yield - fight yellow oil 

1 H-NMR (200 MHz, DMSO-cfe): 8 (ppm): 7.28-6.82 (m, 4H); 4.70-4.36 (m, 2H); 4.18-4.10 (m, 1H); 3.97-3.44 (m, 
3H); 3.79 (s, 3H); 2.45-1.50 (m, 4H); 1.20 (s, 6H). 

Example 31 

r5SV1-f2-methr>yvhenzvn-542-fR^xvranvn-2^olidinone (Compound No. 36) 

It was prepared as described in examples 20 and 21 starting from compound Na 35. 

77% yield - white solid 

rap. 91 -93°C (isopropyl ether) ' 

[a] 20 D =4«8.1 o (c=2% - ethanol) 

1 H-NMR (200 MHz, CDCI3): 8 (ppm): 7.24-6.80 (m, 4H, Ar); v A =4.88 - vb=4.37 (AB system, Jab=15.6 Hz, CH 2 -Ar); 
3.80 (s, 3H, OCH3); 3.25-3.14 (m, 1H, N-CU-CHg); 2.97-2.95 (m, 1H, NCH-CbD; 2.71-2.30 (m, 4H, NCOCfcfe and 
NCHCH-Cty; 220-1 .76 (m, 2H, NCOCH 2 -Ctfc). 
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Example 32 

1 -(SW1 -tt-metho xvbe^^ (Compound No. 37) 

5 It was prepared as described in example 22 starting from compound No 36. 

78% yield -white solid 
m.p. 77-79°C (tsopropyl ether) 
[a] 20 ^^."! 0 (c=1% - methanol) 
10 'H-NMR (200 MHz, CDCI3): 8 (ppm): 7.24-6.80 (m, 4H, Ar); v A =4.81 - vb=4.42 (AB system, J AB =15.3 Hz, CHfe-Ar); 
3.84 (broad signal, 1H, OH); 3.80 (s. 3H, OCH3); 3.74-3.63 (m, 2H, CH-CH); 2.55-1.80 (m, 8H, NCOOfeCHg and 
CH2-N-CH2); 1 .45-1 .12 (m, 4H, CHg-CHs); 0!88 (d. 6H, J H h=6-2 Hz, 2CU3-CH); 0.83 (t, 6H, J HH =7 Hz, 2CH3-CH2). 
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Claims 

Claims for the following Contracting States : AT, BE, CH. DE. DK, FR. GB, GR, IT, U, LU, NL, SE 
1 . A stereoselective process for the preparation of any stereoisomer of the compounds of formula 



/ \ OH R, 

/ \ i / 

D=C >-CH-CHa-N 
X. /a b \ 



I 

CHa 
R 



30 wherein 



R is a phenyl optionally substituted by from 1 to 3 substituents selected among C r C 4 alkyl, C^0 4 

alknxy, hydroxy, halogen, CF 3 ; 
R 1 and R 2 , the same or different, are a linear or branched C r C6 alkyl, a C3-C 6 cycloalkyl; or 
35 R 1 and R2, together with the nitrogen atom to which they are bonded, make a 5- or 6- membered heterocycle, 

which can further contain 1 or 2 heteroatoms selected among oxygen, nitrogen and sulfur, optionally 

substituted by 1 or 2 -C 4 alkyl groups; 
a and mark the asymmetric carbon atoms: which comprises: 

40 - the transformation of the compound of formula 1 1 



45 



so 




(II) 



in which a and b have the above reported meanings Into the compound of formula III 



(III) 
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in which R, a and b have the above reported meanings by reaction with a suitable benzylamine 
of formula RCH2NH2 (VII) in which R has the above reported meanings, with retention of config- 
uration of the carbon atoms a and b; 

the subsequent cycGzation of the compound of formula III into the compound of formula 

5 




(IV) 



1$ in which R. a and b have the above reported meanings; 

by conversion of the hydroxy group in a into the corresponding mesyl-derivative and subsequent 
ring closure in dipolar aprotic solvents and in the presence of a base, with inversion of the con- 
figuration of the carbon atom a and retention of the configuration of the carbon atom b; 
- the hydrolysis of the compound of formula IV with acids, in a suitable solvent or mixture of sol- 

20 vents in order to obtain the compound of formula 



25 




(V) 



CH a OH 
I 

R 



30 

in which X is a hydroxy or a chlorine or bromine atom and R, a and b have the above reported 
meanings, with retention of configuration of the carbon atoms a and b; 
- the epoxydation of the compound of formula V in order to obtain the compound of formula 



35 




(VI) 



CH a 

i 



45 

in which R, a and b have the above reported meanings; with retention of configuration of the car- 
bon atoms a and & 

- the subsequent reaction of the thus obtained compound of formula VI with a substituted amine 
of formula HNR 1 R 2 (VIII) in which R 1 and R2 have the above reported meanings, in a suitable 
so solvent or mixture of solvents in order to obtain the compound of formula I with retention of con- 

figuration to the carbon atoms a and b. 

2. A process according to daim 1 in which the mesyl-derrvatrve of the compound of formula III is not isolated from the 
reaction environment but converted into the compound of formula IV. 

55 

3. A process according to claim 1 in which the substituted amine VIII is reacted with the epcxyde of formula VI in 1 :1 
molar ratio or with a slight excess of the amine, in order to obtain the compound of formula I with retention of con- 
figuration of the carbon atoms a and b 
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4. A process according to claim 1 in which the compound of formula V in which X=Br, CI, is directly treated with the 
amine VIII in at least a molar amount double with respect to that of compound V, in order to obtain the compound 
of formula I with retention of configuration to the carbon atoms a and b. 

5 5- A stereoisomer of a compound of formula 



10 




(III) 



15 



20 



in which 

R is a phenyl optionally substituted by from 1 to 3 substituents selected among C r C 4 alkyl, C r C 4 altoxy, 

hydroxy, halogen, CF 3 ; 
a and b mark the asymmetric carbon atoms. 

Claims for the following Contracting State : ES 

1 . A stereoselective process for the preparation of any stereoisomer of the compounds of formula 



30 




(I) 



40 



45 



wherein 



R 1 and R2, 
R 1 and R 2 , 



aandfe 



is a phenyl optionally substituted by from 1 to 3 substituents selected among alkyl. 
altoxy, hydroxy, halogen, CF 3 ; 

the same or different, are a linear or branched C r C 6 alkyl, a C3-CS cycloalkyl; or 

together with the nitrogen atom to which they are bonded, make a 5- or 6- membered heterocycle. 

which can further contain 1 or 2 heteroatoms selected among oxygen, nitrogen and sulfur, optionally 

substituted by 1 or 2 C^ alkyl groups; 

mark the asymmetric carbon atoms; which comprises: 

- the transformation of the compound of formula II 



so 



55 




(II) 



in which a and b have the above reported meanings into the compound of formula III 
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R-CHa 



(III) 



in which R ( a and b have the above reported meanings by reaction with a suitable benzylamine 
of formula RCH2NH2 (V!l) in which R has the above reported meanings, with retention of config- 
uration of the carbon atoms a and 

the subsequent cycGzation of the compound of formula III into the compound of formula 




(IV) 



in which R. a and have the above reported meanings; 

by conversion of the hydroxy group in a into the corresponding mesyl-derivative and subsequent 
ring closure in dipolar aprotic solvents and in the presence of a base, with inversion of the con- 
figuration of the carbon atom a and retention of the configuration of the carbon atom b; 
the hydrolysis of the compound of formula IV with acids, in a suitable solvent or mixture of sol- 
vents in order to obtain the compound of formula 




(V) 



in which X is a hydroxy or a chlorine or bromine atom and R, a and b have the above reported 

meanings, with retention of configuration of the carbon atoms a and b; 

the epoxydation of the compound of formula V in order to obtain the compound of formula 




(VI) 



CH 2 
I 

R 



in which R, a and b have the above reported meanings; with retention of configuration of the car- 
bon atoms a and fa 

the subsequent reaction of the thus obtained compound of formula VI with a substituted amine 
of formula HNR 1 R 2 (VIII) in which R 1 and R2 have the above reported meanings, in a suitable 
solvent or mixture of solvents in order to obtain the compound of formula I with retention of con- 
figuration to the carbon atoms a and b 
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2. A process according to claim 1 in which the mesyl-derivative of the compound of formula III is not isolated from the 
reaction environment but converted into the compound of formula IV. 

3. A process according to claim 1 in which the substituted amine VIII is reacted with the epaxyde of formula VI in 1 :1 
molar ratio or with a slight excess of the amine, in order to obtain the compound of formula I with retention of con- 
figuration of the carbon atoms a and 

4. A process according to claim 1 in which the compound of formula V in which X«Br, CI, is directly treated with the 
amine VIII in at least a molar amount double with respect to that of compound V, in order to obtain the compound 
of formula I with retention of configuration to the carbon atoms a and b. 

Patentansprflche 

PaterrtansprOche f Qr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, GR, IT, U, LU, NL, SE 

1 . Stereoselektives Verfahren zur Herstellung irgendeines Stereoisomers der Verbindungen der Formel 




wobei 

R ein Phenyl ist, welches gegebenenfalls mit 1 bis 3 Substituenten substituiert ist, welche ausgewahlt 

sind aus C r C 4 -Alkyl, C^-Altoxy, Hydroxy!. Halogen, CF 3 ; 
R 1 und Rg gleich Oder voneinander verschieden ein lineares Oder verzweigtes C 1 -C 6 -Aikyl, ein C3-C 6 -Cycloalkyl 

sind; Oder 

r 1 und R 2 zusammen mit dem Stickstoffatom an welchem sie gebunden sind einen 5- oder 6-gliedrigen Hetero- 
cyclus bilden, welcher ferner 1 oder 2 Heteroatome enthalten kann, ausgewahlt aus Sauerstoff, Stick- 
stoff und Schwefel. gegebenenfalls substituiert mit 1 oder 2 CrC 4 -Alkylgruppen; 

a und k die asymmetrischen Kohlenstoffatome marWeren, 
welches Verfahren folgende Schritte umfaBt: 

- die Transformation der Verbindung der Formel II 




(II) 



in welcher a und h die oben erw&hnten Bedeutungen besitzen, 
zu der Verbindung der Formel III 
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in welcher R, a und b die oben erwahnten Bedeutungen besilzen, 

durch Umsetzen mit einem geeigneten Benzylamin der Forme! RCH2NH2 (VII), in welchem R die 
oben erwahnten Bedeutungen besitzt unter Erhalt der Konflguration der Kohlenstoffatome a und 
b; 

die nachfolgende Gycfi^erung der Verbindung der Forme! HI zu der Verbindung der Forme! 




(IV) 



in welcher R, a und b die oben erwahnten Bedeutungen besitzen, 

durch Umwandlung der Hydroxylgruppe in a zu dem entsprechenden Mesyl-Derivat und 
anschlieBendem RingschluB in dipolaren aprotischen LGsungsmitteln und in Gegenwart einer 
Base, unter Inversion der Konf iguration des Kbhlenstoffatoms a und Erhalt der Kbnfiguration des 
Kohlenstoffatoms 

die Hydrolyse der Verbindung der Formel IV mit Sauren in einem geeigneten Lflsungsmittei oder 
einer geeigneten L&sungsmittelmischung, urn die Verbindung der Forme! 




(V) 



zu ertiattea in welcher X ein Wasserstoff- oder ein Chlor- oder Bromatom 1st und R, a und b die 

oben erwahnten Bedeutungen besitzen, 

unter Erhalt der Kbnfiguration der Kohlenstoffatome a und b; 

der Epoxidation der Verbindung der Formel V, urn die Verbindung der Forme! 
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zu erhalten, in welcher R, a und b die oben erwahrrten Bedeutungen besitzen; 
urrter Erhalt der Kbnfiguration der Kohlenstoffatome a und k 

- der anschlie&enden Umsetzung der auf diese Weise erhaltenen Verbindung der Formel VI mit 
einem substituierten bin der Formel HNR^ (VIII), in welchem und R2 die oben erw&hnten 
Bedeutungen besitzen, in einem geeigneten Lfeungsmittel Oder einer geeigneten L6sungsrrtit- 
telmischung, urn unter Ertialt der Kbnfiguration der Kohlenstoffatome a und b die Verbindung der 
Formel I zu erhalten. 

2. Verfahren gemaB Anspruch 1 , in welchem das Mesyi-Derivat der Veibindung der Formel III nicht aus der Reakti- 
onsumgebung isoliert wird, sondern zu der Verbindung der Formel IV umgewandelt wind. 

3. Verfahren gemaB Anspruch 1 , in welchem das substituierte Amin VIII mit dem Epoxid der Formel VI in einem Mol- 
verhaitnis von 1 :1 Oder mit einem leichten UberschuB des Amins umgesetzt wird, urn unter Erhalt der Kbnfiguration 
der Kohlenstoffatome a und b die Verbindung der Formel I zu ertialten. 

4. Verfahren gemaB Anspruch 1, in welchem die Verbindung der Formel V, in welcher X « Br, CI ist, direkt mit dem 
Amin VIII behandelt wird, dessen Molmenge mindestens doppelt so groB wie die der Verbindung V ist. urn unter 
Erhalt der Konfiguration der Kohlenstoffatome a und b die Verbindung der Fbrmel I zu erhalten. 

5. Stereoisomer einer Verbindung der Formel 




(III) 



in welcher 

R ein Phenyl ist, welches gegebenenfefls mit 1 bis 3 Substituenten substituiert ist, welche ausgewdhlt 

sind aus -C 4 -AJkyl, -C^AItaxy, Hydrcxyt, Halogen, CF 3 ; 
a und b das asymmetrische Kohlenstoffatom marWeren. 

PatentansprOche f Qr folgenden Vertragsstaat : ES 

1 . Stereoselektives Verfahren zur Hersteflung irgendeines Stereoisomeren der Vertandungen der Formel 
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(I) 



wobei 

R ein Phenyl ist welches gegebenenfalls mit 1 bis 3 Substituenten substituiert ist, welche ausgewahlt 

sind aus C 1 -C 4 -AIkyl l q-CVAIkoxy, Hydroxy!, Halogen, CF 3 ; 
R 1 und Ffe gleich oder voneinander verschieden ein lineares Oder verzweigtes 0^ -Cg-Aikyi, ein C3-C 6 -Cycioaikyi 

sind; oder 

R 1 und R2 zusammen mit dem Stickstoffatom an welchem sie gebunden sind einen 5- oder 6-gliedrigen Hetero- 
cyclus bilden, welcher femer 1 oder 2 Heteroatome enthalten kann, ausgewahlt aus Sauerstoff. Stick- 
sloff und Schwefel, gegebenenfalls substituiert mit 1 oder 2 C r C 4 -Alkylgruppen; 

a und b die asymmetrischen Kohlenstoffatome markieren, 
welches Verfahren folgende Schritte umfaBt: 

- die Transformation der Verbindung der Formel II 




(II) 



in welcher a und die oben erwahnten Bedeutungen besitzen, 
zu der Verbindung der Formel 111 




(III) 



in welcher R, a und b die oben erwahnten Bedeutungen besitzen, 

durch Umsetzen mit einem geeigneten Benzylamin der Formel RCH2NH2 (VII), in welchem R die 
oben erwahnten Bedeutungen besHzt, unter Erhalt der Konfiguration der Kohlenstoffatome a und 
fc 

die nachfolgende Cycfiaerung der Verbindung der Formel III zu der Verbindung der Formel 
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(IV) 



in welcher R, a und b die oben erwahnten Bedeutungen besitzen, 

durch Umwandlung der Hydroxylgruppe in a zu dem entsprechenden Mesyl-Derivat und 
anschlieBendem RingschluB in dipolaren aprotischen Lflsungsmitieln und in Gegenwart einer 
Base, unter Inversion der Kbnfiguration des Kbhlenstoffatoms a und Erhalt der Konfiguration des 
Kohlenstoflatoms b; 

- die Hydrolyse der Verbindung der Forme! IV m'rt SSuren in einem geeigneten LOsungsmrtiel oder 
einer geeigneten LOsungsmittelmischung, urn die Verbindung der Formel 




(V) 



I 

R 



zu erhalten, in welcher X ein Wasserstoff- oder ein Chlor- oder Bromatom ist und R, a und die 

oben erwahnten Bedeutungen bes'rtzen, 

unter Erhalt der Konfiguration der Kohlenstoffatome a und b; 

der Epoxidation der Verbindung der Formel V, urn die Verbindung der Formel 




(VI) 



zu erhalten, in welcher R, a und die oben erwahnten Bedeutungen besitzen; 
unter Erhalt der Kbnfiguration der Kohlenstoffatome a und b; 

- der anschlieBenden Umsetzung der auf diese Weise erhaltenen Verbindung der Formel VI mit 
einem substituierten Amin der Formel HNR 1 R2 (VIII), in welchem R-i und R2 die oben erwahnten 
Bedeutungen besitzen, in einem geeigneten LOsungsmittel oder einer geeigneten Lfisungsrrtt- 
telmischung, urn unter Erhalt der Kbnfiguration der Kohlenstoffatome a und fcdie Verbindung der 
Formel I zu erhalten. 

Verfahren gemaB Anspruch 1, in welchem das Mesyl-Derivat der Verbindung der Formel III nicht aus der Reakti- 
onsumgebung isoliert wird, sondern zu der Verbindung der Formel IV umgewandelt wind. 
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3. Verfahren gemSB Anspruch 1 , in weichem das substituierle Amin VIII mil dem Epoxid der l=brmel VI in einem Mol- 
verhaitnfe von 1 :1 oder ntit einem leichten QberschuB des Amins umgeserzt wird, um unter Erhalt der Konfiguration 
der Kohlenstoffatome a und fcdie Verbindung der Formel I zu erhaltea 

4. Verfahren gerr&B Anspruch 1, in weichem die Verbindung der Formel V, in welcher X = Br, CI ist direkt mit dem 
Amin VIII behandelt wird ( dessen Molmenge mindestens doppelt bo groB wie die der Verbindung V Ist, um unter 
Erhalt der Konfiguration der Kbhlenstoftatome a und & die Verbindung der Formel I zu erhalten. 

Revendlcations 

Revendlcations pour les Etats contractants sulvants : AT, BE, CH, DE, DK, FR, GB, GR, IT, U, LU, NL, SE 
1 . Proc§d6 st6r§os6lectif pour la pr6paration de tout sterSoisom&re des composes de formule 




I 
I 

R 



dans laquelle 

R est un groupement ph6nyle §ventuellement substitu6 par 1 k 3 substituants choisis parmi les radi- 

caux alkyle en Ct k C 4 , alcaxy en k C 4 . hydroxy, halogSno, CF 3 ; 
r 1 et R 2 . identiques ou diff6rents, sont un groupement alkyle en C-j k C 6 Iin6aire ou ramrfi6 t un groupement 

cycloalkyle en C3 & C 6 ; ou 

r 1 et R 2 , avec I'atome d'azote auquel ils sont Ii6s, ferment un hetSrocycle k 5 ou 6 chainons, qui peut en outre 
contenir 1 ou 2 h§t6roatomes choisis parmi roxygfcne, I'azote et le soufre, 6ventuellement substitu6 
par 1 ou 2 groupements alkyle en C 1 k C 4 ; 

a et b indiquent les atomes de carbone asym&riques ; qui comprend : 

- la transformation du compose de formule II 




dans laquelle a et b ont les significations rapport6es ci-dessus, en le compost de formule III 




(III) ; 



dans laquelle R a et b ont les significations rapportees ci-dessus 

par reaction avec une benzylamine approprtee, de formule RCH2NH2 (VII) dare laquelle R a les 
significations rapport 6es ci-dessus. avec retention de configuration des atomes de carbone a et 
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b; 

la cyclrsation substquente du compost de formula III en Ib compose de formule 



(IV) : 



dans laqueUe R, a el b ont les significations rapporttes cWessus ; 

par conversion du group e hydroxy de a en le dtrivt mesylique correspond ant et fermeture sub- 
sequent e du cycle dans des solvants aprotique dipolaires et en presence cfune base, avec inver- 
sion de la configuration de I'atome de carbone a et retention de la configuration de I'atome de 
carbone b ; 

Thydrolyse du compose de formule IV avec des aeries, dans un solvant ou mtlange de solvants 
approprie afin d'obtenir le compose de formule 





(V) 



dans laquelle X est un groupement hydroxy ou un atome de chlore ou de brome, et R, a et b ont 
les significations rapporttes ci-dessus, avec retention de configuration des atomes de carbone a 
etb; 

- T6poxydation du compose de formule V afin d'obtenir le compos6 de formule 



(VI) : 
CH a 

i 

R 



dans laquelle R, a et b ont les significations rapporttes d-dessus ; 
avec retention de configuration des atomes de caibone a et b ; 
- la reaction substquente du compost ainsi obtenu, de formule VI, avec une amine substitute de 
formule HNR 1 R 2 (VIII) dans laquelle Ri et R2 ont les significations rapportees ci-dessus, dans 
un solvant ou melange de solvants approprie afin d'obtenir le compost de formule I avec reten- 
tion de configuration des atomes de carbone a et b. 

Precede seion la revendication 1, dans lequel le derive mtsylique du compost de formule III n'est pas isold de 
renvirortnement rtactionnel mais converti en le compost de formule IV. 

Proctdt selon la revendication 1, dans lequel on fait rtagir rarrdne substitute VIII avec I'tpcxyde de formule VI 
dans un rapport molaire 1 :1 ou avec un I tger excts de Pamine, afin d 1 obtenir ie compost de formule I avec rtten- 
tion de configuration des atomes de carbone a et b, 
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4. Proc6d6 seion la revendicaiion 1 , dans lequel ie compost de formula V dans lequel X=Br, CI, est directement trait6 
avec I'amine VIII en une quantit6 molaire au rno'ms doifcle par rapport k celle du compos§ V, afin cf obtenir le com- 
post de formule I avec retention de configuration des atomes de carbone a et k 

5. St6r6oisom&re d'un compos6 de formule 




dans lequel 

R est un groupement ph6nyle Sventueilement substitu6 par 1 a 3 substituants choisis parmi ies radicaux 

alkyle en k C 4l alcoxy enC)k C 4 , hydroxy, halog§no, CF 3 ; 
a et indiquent Ies atomes de carbone asym&riques. 

Revendlcations pour I'Etat contractant suivant : ES 

1 . Proc6d6 st6r6os6lectif pour la preparation de tout st6r6oisom§re des composes de formule 




I 

R 



dans laquelle 

est un groupement ph§nyle 6ventuellement substitu6 par 1 k 3 substituants choisis parmi Ies radi- 
caux alkyle en Cj k C 4 , alcoxy en 0^ k C 4 , hydroxy, haiog§no, CF 3 ; 

identiques ou differents, sont un groupement alkyle en Cj k C 6 Iin6aire ou ramifte, un groupement 
cycloalkyle en C3 k C 6 ; ou 

avec Tatome d'azote auquei ils sont Ii6s, formerrt un heterocycle k 5 ou 6 chalnons, qui peut en outre 
contenir 1 ou 2 h&6roatomes choisis parmi l*oxyg$ne, I'azote et le soufre, 6ventuellement substituS 
par 1 ou 2 groupements alkyle en k C 4 ; 
indiquent Ies atomes de carbone asym&riques ; qui comprend : 

- la transformation du compost de formule II 




dans laquelle a et ont Ies significations rapportees ci-dessus, en le composd de formula III 



R 

R 1 et R 2 . 
R-j et R21 

aetb 
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(III) 



dans laquelie R, getfe ont les significations rapport§es d-dessus 

par reaction avec une benzylamine approprtee. de formute RCH2NH2 (VII) dans laquelie Rales 
significations rapport 6es d-dessus, avec retention de configuration des atomes de carbone a et 

b: 

la cydisation subs6quente du compos6 de formule III en le compos6 de formule 




(IV) 



dans laquelie R, a et b ont les significations rapportees d-dessus ; 

par conversion du groupe hydroxy de a en le d6riv6 m6syiique correspondant et fermeture sub- 
sfequente du cycle dans des solvants aprotique dipolaires et en presence cf une base, avec inver- 
sion de la configuration de I'atome de carbone a et retention de la configuration de I'atome de 
carbone b ; 

I'hydrolyse du compos6 de formule IV avec des acides, dans un solvant ou melange de solvants 
appropri§ af in d'obtenir le compos6 de formule 




(V) 



I 

R 



dans laquelie X est un groupement hydroxy ou un atome de chtore ou de brome, et R a et b ont 
les significations rapportees ci-dessus, avec retention de configuration des atomes de carbone a 
etb; 

l'6paxydation du compos6 de formule V afin d'obtenir le compos6 de formule 




I 

R 



dans laquelie R, a et b ont les significations rapportdes d-dessus ; 
avec retention de configuration des atomes de carbone a et b ; 

la reaction subs6quente du compost ainsi obtenu. de formule VI, avec une amine substitute de 
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formula HNR 1 R 2 (VIII) dans laqueDe R t el R2 ont tes significations rapportees ci-dessus, dans 
un solvant ou melange de solvants approprie afm cf obtenir le compose de formula I avec reten- 
tion de configuration des atomes de carbone a et fe. 

Proc6d6 selon la revendication 1, dans lequel le derive m6sylique du compost de formule III n'est pas isoie de 
Tenvironnement r6actionnel mais converti en le compose de formule IV. 

Proc6d6 selon la revendication 1, dans lequel on fait r6agir ramine substitu6e VIII avec l'6paxyde de formule VI 
dans un rapport molaire 1 :1 ou avec un I6ger excfes de Tannine, afin d'obtenir le compose de formule I avec reten- 
tion de configuration des atomes de carbone a et h- 

Proc6d6 selon la revendication 1 , dans lequel le compose de formule V dans lequel X=Br, a, est directement traite 
avec I'amine VIII ©1 une quantity molaire au moins doUble par rapport d celle du compose V, afin cf obtenir le com- 
pose de formule I avec retention de configuration des atomes de carbone a et b 
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